Many bacteria are known which can utilize organophosphonates as their sole sources of phosphorus (4) . Cleavage of the carbon-phosphorus bond generally requires uptake of the organophosphonate into the cell. Specific and inducible uptake systems for 2-amino-ethylphosphonate (2-AEP) have been described for Bacillus cereus (16) and Pseudomonas aeruginosa (9) , while other phosphonates are taken up via transport systems of the corresponding carboxylic acids (5) . In general, it appears that free aminophosphonates are taken up less readily than phosphonopeptides (8) .
As will be published elsewhere (R. Pipke, N. Amrhein, G. S. Jacob, and G. M. Kishore, submitted for publication), the degradation of the organophosphonate herbicide glyphosate (N-[phosphonomethyl]glycine) in an Arthrobacter sp. (designated Arthrobacter sp. strain GLP-1) has been investigated. While other microorganisms are known which cleave the carbon-phosphorus bond of glyphosate (1, 11, 17, 20) , details of the pathway of glyphosate degradation are known only for a Pseudomonas sp. (7) and the Arthrobacter sp. mentioned above. In both microorganisms, orthophosphate suppresses glyphosate utilization. In a Flavobacterium sp., orthophosphate does not affect the degradation of glyphosate to aminomethylphosphonate, but it suppresses the utilization of aminomethylphosphonate as a source of phosphorus (1) (26) with 1% glucose as a carbon source and 0.1 M Tris hydrochloride, pH 7.0, instead of phosphate buffer. The respective sources of phosphorus are indicated in the text. All media were autoclaved prior to the addition of the phosphorus sources, which were added following filter sterilization. All glassware was washed with 1 N HCl and thoroughly rinsed with deionized and glass-distilled water to remove contaminating phosphate ions. Bacteria were grown at 30°C on a rotary shaker at 220 rpm, and growth was followed by measuring the turbidity of the medium (A650).
Uptake experiments. The uptake of labeled glyphosate and orthophosphate, respectively, was measured by following the protocol of Piperno and Oxender (14) . Cells from the logarithmic growth phase (A650 = 0.8 to 1.0) were collected by centrifugation at 10,000 x g for 5 min, washed in medium deficient of a phosphorus source, and adjusted to 15 mg (wet weight) per ml of the same medium. The suspension was stored on ice for no longer than 60 min before uptake experiments were started. A sample (0.2 ml) of the suspension was added to 1.5-ml polyethylene vials containing 1 ml of 0.1 M Tris hydrochloride, pH 7.0, and the respective test compound as indicated in the text. After incubation at 37°C for the appropriate time, 1 ml of the suspension was rapidly filtered by suction through membrane filters (2.5-cm diameter; 0.45-,m pore size; Millipore Corp., Bedford, Mass.) and washed with 10 ml of 0.1 M Tris hydrochloride, pH 7.0. The wet filters were transferred to 10 ml of Quickszint 212 (Zinsser, Frankfurt, FRG) in scintillation vials, and the radioactivity was determined after 1 h by liquid scintillation counting.
Extraction and assay of phosphatases. Cells in the logarithmic growth phase (A650 = 1.0) were collected by centrifugation, and proteins were extracted as described previously (18) . Phosphatase activities were determined with p-NO2-phenylphosphate as substrate (21) . Assay of orthophosphate. Concentrations of orthophosphate were determined by the malachite green method of Lanzetta et al. (10) .
RESULTS
Arthrobacter sp. strain GLP-1 is capable of utilizing a number of organophosphonates, including glyphosate, as a source of phosphorus (Pipke et al., submitted). When grown in the presence of both orthophosphate and glyphosate as sources of phosphorus, the bacteria completely removed the orthophosphate from the medium before they started to take up glyphosate (Fig. 1) a Cells in mid-log phase (A650 = 0.8 to 1.0) were used. b The bacteria were grown in the presence of the indicated source of phosphorus and then sedimented and washed twice in phosphorus-deficient medium. After a subsequent incubation for 4 h in the absence of a phosphorus source, the uptake of glyphosate was determined.
orthophosphate inhibits or represses the uptake of glyphosate. Bacteria grown in glyphosate were capable of taking up the compound, while those grown in orthophosphate were not, even when washed twice in a phosphorus-deficient medium (Fig. 2) . Thus, orthophosphate apparently represses the uptake system for glyphosate. Likewise, the uptake system was repressed by organophosphates, such as glucose 6-phosphate, but was functioning in cells grown in the presence of organophosphonates other than glyphosate, such as aminomethylphosphonate ( Table 1 ). The rate of glyphosate uptake was, however, considerably enhanced when the cells had been deprived of any source of phosphorus prior to the uptake experiment (Table 1) . Thus, phosphorus deprivation appears to derepress the system by which glyphosate is taken up. The nature of the phosphorus source also greatly affected the rate of transport of orthophosphate into Arthrobacter sp. strain GLP-1: cells grown in 5 mM orthophosphate accumulated it from a 50 ,uM solution at a rate of 0.09 nmol min-1 10-8 cells, while the transport rate for cells grown in 5 mM glyphosate was 8.8 nmol min-1 10-8 cells (1.11 x 108 cells have a wet weight of 1 mg).
As phosphatases are also known to be derepressed upon phosphorus deprivation of bacteria (6, 21, 24) , we measured alkaline phosphohydrolase activity in Arthrobacter sp. strain GLP-1 growing in the absence or presence of orthophosphate and glyphosate. As expected, cells grown in the presence of orthophosphate had low phosphatase activity, while the activity of the enzyme was high in cells deprived of phosphorus or in cells growing in the presence of glyphosate (Table 2) . It is also evident, however, that glyphosate had no effect on the level of phosphatase activity.
Therefore, phosphatase expression is regulated specifically by phosphate availability rather than generally by (Table 3 ). The uptake of glyphosate was pH dependent, showing an optimum at pH 6 to 6.5 (Fig. 4) , which indicates a preferential uptake of the glyphosate dianion (23 extent. Zn2+ was inhibitory (Table 4) . No relationship with the stability constants of the respective metal glyphosate complexes (12) was evident.
DISCUSSION
The uptake of phosphate into bacteria such as Escherichia coli K-12 has been well investigated. E. coli K-12 possesses a constitutive low-affinity phosphate transport system, as well as a high-affinity phosphate-specific transport system which is efficiently repressed by orthophosphate (15, 19, 25) . In Arthrobacter sp. strain GLP-1, cells grown in the pres- 
